Morphological measurements taken included: total weight (using a 100 kg spring balance to the nearest 1 kg), neck circumference at the base of the skull, chest circumference immediately behind the front legs, body length from nose to base of tail, tail length from base to tip of the last vertebrae (all to the nearest cm with a cloth tape measure), canine length from gumline to tip, and front and rear pad widths (to the nearest mm with a cloth tape measure; AE only).
We used principal component analysis (PCA) to derive a single variable to represent body size, based on the correlation matrix of morphological variables (Statistica 1995) . We used this body size measure instead of total weight to describe the size of Cougars because it was less condition-dependent that using total weight alone. Where Cougars were captured >1 time, we included data from only the most recent capture. We used an analysis of covariance to test for differences in body size (log-transformed) between sex and study area, using age as a covariate. We also calculated means (±2 SE) for each morphological variable (by sex), but excluded Cougars <2 years old to minimize skews in distributions caused by the smaller body sizes of juvenile Cougars.
We calculated survival estimates with the staggered entry design of Pollock et al. (1989) , which is based on the Kaplan-Meier product limit estimator (Kaplan and Meier 1958) . This method estimates annual survival rate as the product of weekly survival rates (1 -d/r), where d is the number of animals that die and r is the number of animals "at risk" in a weekly period. Cougars carrying functioning radio collars comprised the "at risk" sample for each week. The design was "staggered entry" because not all Cougars carried collars at the same time. Cougars were added to the weekly sample as they were collared, and were removed as they died, had their collars removed, or when their collars stopped functioning. Analysis started with the collaring of the first Cougars in the two study areas. Annual survival estimates were based on 52 consecutive, seven-day periods.
There were sufficient data to analyse adult female Cougar survival; however, sample sizes were small, and the length of the study was relatively short in relation to the life expectancy of Cougars. Therefore, our estimates should be interpreted with caution.
We report the reproductive characteristics of collared females anecdotally because data were insufficient to calculate population growth rates; specifically, we had few data on birth intervals and survival to maturity. We report litter sizes (±2 SE) when they were first seen, so litter sizes at birth may have been larger, although in at least three litters, kittens were seen when <10 days old (eyes not open).
Results
Thirty Cougars were measured at NWB (17 females and 13 males) and 26 at AE (15 females and 11 males).
We used total weight, neck and chest circumference, and total length (body length + tail length) in the final PCA to derive a body size variable. All four variables loaded strongly and positively on the first axis, which explained 83% of the variation in the dataset. As a result, we used the first PCA axis as the index of body size (Table 1) . We did not include canine length and body and tail lengths as separate variables in the analysis because doing so did not significantly increase the variation described in the first axis.
Body size differed between males and females (P < 0.000), but not between study areas (P = 0.736; Figure 2 ). Differences between males and females were also evident in univariate means of the morphological measurements (Table 2 ).
Mean survival rates were similar for collared Cougars on both study areas (Table 3) . Known causes of female mortality at NWB included intraspecific killings (2) and animal control (3). The cause of one female mortality at NWB and both female mortalities at AE were unknown. Two mortalities of collared male 160 THE CANADIAN FIELD-NATURALIST Vol. 118 Cougars were investigated at AE; one was shot by hunters and the other was suspected to have been shot illegally. At NWB, mean litter size at first detection was 1.9 ± 0.1 (n = 16). One female was known to have a litter of three kittens, and there were 12 other litters of two kittens and 3 of one kitten when first observed. Females were known or suspected to give birth during all months from March-October. Consecutive litters were recorded for two females; each had litters 21 and 23 months apart.
Litter size at AE was 1.8 ± 0.7 (n = 5). There was one litter of three, and two litters each of one and two kittens. Females gave birth in January, August, and September. No collared females at AE had more than one litter during the study period.
Discussion
Results presented in this paper are based on small absolute sample sizes; however, Cougars are rare and secretive, and inferences about their morphology and behaviour must often be based on few animals. The 2004 WILSON, HAHN, GLADDERS, GOH, and SHACKLETON: VANCOUVER ISLAND COUGARS 161 FIGURE 2. Relationship between body size (derived from the principal component analysis on morphological measurements, see text) and age for male and female Cougars in the two Vancouver Island study areas. Logarithmic trend lines are presented for males (squares I) and females (diamonds N) , pooled by study area. The body size measurement was used because it was less condition-dependent than using total weight alone. densities of Cougars in our study areas also suggest that significant proportions of the populations were captured (2.6-7.3 Cougars/100 km 2 at NWB and 1.4-2.0 Cougars/100 km 2 at AE; S. Wilson, unpublished data). Our sample sizes were similar to, or larger than, those in many comparable studies (e.g., n = 22, Hemker et al. 1984 ; n = 68, Ross and Jalkotzy 1992; n = 76, Lindzey et al. 1994 ; n = 34, Spreadbury et al. 1996 ; n = 13, Franklin et al. 1999 ; n = 21, Pierce et al. 2000) . Few researchers have published Cougar morphological characteristics (c.f. Kohlmann and Green 1999; Grigione et al. 2002) ; however, mean measurements of Vancouver Island Cougars in this study were smaller than those reported by Cowan and Guiguet (1965) for 14 adult male (mean total length 241 cm, tail length 89 cm, mean total weight 73 kg) and 7 adult female (mean total length 206 cm, tail length 79 cm, mean total weight 46 kg). Vancouver Island Cougars are slightly smaller than those found elsewhere in British Columbia (Cowan and Guiguet 1965) .
Survival estimates are critical for population management, but few studies report them. Using the same method and similar sample sizes, Lindzey et al. (1988) reported mean survival rates (S = 0.731) for female Cougars in a largely unhunted population in southern Utah that were lower than those we calculated for Vancouver Island Cougars (mean for both study areas S = 0.885). Hunting is an important component of mortality in Cougar populations where hunting is allowed (Hemker et al. 1984; Logan et al. 1986; Ross and Jalkotzy 1992) . The Vancouver Island population is no exception; however, we were in frequent contacts with hunters in our study areas and know they often treed radio-collared cougars but chose not to shoot them, even though we did not request this. This might have inflated the survival rates calculated for radiocollared Cougars. Researchers and managers should be aware of this bias when calculating survival estimates from similar radio telemetry studies where hunters "lend a hand" by not shooting study animals.
Animal control by British Columbia Wildlife Branch Control Officers was a significant source of humancaused mortality at NWB, where the human population density was higher than at AE. Intraspecific killing has been reported as an important source of mortality elsewhere (Lindzey et al. 1988; Spreadbury et al. 1996) , but in our study it was detected only at NWB where Cougar population density was significantly higher than at AE.
Litters in both of our study areas were smaller than those reported in southeastern British Columbia (x -= 3.1; Spreadbury et al. 1996) , southwestern Alberta (x -= 2.2; Ross and Jalkotzy 1992), Wyoming (x -= 2.7; Logan et al. 1986) , and southern Utah (x -= 2.4; Lindzey et al. 1994 ). Other studies have recorded births in most months of the year (Ross and Jalkotzy 1992; Lindzey et al. 1994) , with a peak in late summer and early fall (Lindzey et al. 1994) . Our observations at AE were similar. The pattern was different at NWB, with no births recorded in winter and no obvious peaks in births during the spring-fall period.
Columbia Black-tailed Deer (Odocoileus hemionus columbianus) are the Vancouver Island Cougars' primary prey. Indices of deer abundance declined 55% from 1991-1996 at NWB and 38% from 1995-1999 at AE (British Columbia Ministry of Environment, Lands and Parks, unpublished data); therefore, small litter sizes among Vancouver Island Cougars may be a result of low food availability. Also, Black-tailed Deer are smaller than mainland Mule Deer (Odocoileus hemionus; Shackleton 1999) . This highlights the importance of maintaining prey populations in management of Cougars on Vancouver Island. 
